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THERMALLY SPRAYED COMPLETELY
AMORPHIC OXIDE COATING

BACKGROUND OF THE INVENTION

1. Scope of the Invention

The present invention relates to completely amorphous
oxide or oxide composite coatings as well as to a process for
producing them, especially by using thermal spraying. The
invention also relates to a substrate equipped with said coat-
ing.

2. Description of the Prior Art

Among the known solutions which are developed to pro-
tect surfaces, there are completely amorphous metal coatings
and partly crystalline (partly amorphous) and completely
crystalline oxide coatings.

U.S. publication 2004/0253381 describes the formation of
such a partly crystalline metallic glass coating by heating an
already finished metallic coating. The publications WO 2008/
049065, WO 2008/049069 and WO 2010/005745, in turn,
describe the generation of metal coatings by using processes
which utilize heating, whereby the coatings can also become
amorphous, depending on the process used.

The properties of the coatings belonging to these known
groups differ clearly from the properties of the coatings of the
present invention, and also from their manufacturing pro-
cesses. Even a small fraction of crystalline material signifi-
cantly changes the properties of a coating. However, in the
processes used in the prior art, the crystallizing temperatures
and the melting of the components are utilized in such a way
that a completely amorphous coating is impossible to
achieve. The aim in these has been to achieve only small
changes in the crystallization degree, and thus small changes
in the properties of the coatings.

Now it has been surprisingly discovered that by using
simple processes it is possible to achieve completely amor-
phous coatings which also utilize the useful properties of the
oxides.

BRIEF DESCRIPTION OF THE INVENTION

One aim of the present invention is to provide new types of
coatings.

In particular, it is an aim of the present invention to provide
completely amorphous oxide coatings.

Another particular aim of the present invention is to pro-
vide a new process for manufacturing oxide coatings, using
which the coating will be completely amorphous.

Thus, the present invention relates to a process of produc-
ing an oxide coating, wherein an oxide composition or an
oxide composite composition is manufactured and used to
coat a substrate.

More specifically, the process according to the present
invention is characterized by what is stated in the character-
izing part of claim 1.

The coating according to the present invention is, in turn,
characterized by what is stated in claim 7, and the coated
substrate according to the invention is characterized by what
is stated in claim 12. The different embodiments of the
present invention are characterized by what is stated in claims
16-20.

The process according to the present invention contains
formulating the composition, manufacturing the composite
powder and thermally spraying the powder in such a way that
the resultis a completely amorphous oxide coating. The prop-
erties of said coatings differ considerably from the properties
of crystalline coatings which have a corresponding composi-
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tion, among others, regarding their electrical insulation
capacity, their corrosion protection capacity as well as their
capacity to resist wear. In addition, said completely amor-
phous coatings possess an elasticity which is typical of amor-
phous materials.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE PRESENT
INVENTION

The present invention relates to a process of producing an
oxide coating, wherein an oxide or oxide composite compo-
sition is manufactured, which is heated and, finally, sprayed
onto a substrate using a thermal spraying process into a com-
pletely amorphous coating.

Here the term “completely amorphous™ means a structure
which is 95-100% amorphous, which, however, preferably is
100% amorphous.

In the formulating of the oxide composite composition,
theoretical thermodynamic and kinetic regularities are uti-
lized which have been found to be good in connection with
metal alloys. The powder is prepared to correspond to the
target composition. This can be done for instance by using the
powder manufacturing process described in U.S. publication
2003008764.

A completely amorphous oxide coating according to the
present invention is produced by thermal spraying. Thermal
spraying means a process according to which an oxide or an
oxide composite, which is in the form of fine mist and which
is melted completely or partly to a liquid state, is carried along
with a gas flow and sprayed onto the surface of a substrate to
be treated. Examples of thermal spraying are flame-spraying,
arc-spraying, plasma-spraying, vacuum plasma-spraying,
high-velocity flame-spraying and spraying by detonation.
Preferably, such thermal spraying techniques are used in
which the cooling rate, which is determined by the spraying
process, is such that the driving force, which makes the melt
solidity into an amorphous phase, is more powerful than the
forces which generate crystalline phase(s), in which case the
melt solidifies as completely amorphous. More preferably,
high-velocity techniques are used, such as high-velocity
flame-spraying, in particular the HVOF (high-velocity oxy-
fuel) process.

A completely amorphous structure is generated during this
coating process which utilizes thermal spraying when the
material melts and solidifies onto the substrate material under
a very high cooling rate, which preferably is 10>-10® K/s.
Thus, a completely amorphous coating is achieved directly in
one stage without additional stages which are associated with
the known technology, which stages comprise a separate
coating stage and subsequent melting cycles. At the same
time, with the present invention it is possible to achieve even
a thick coating which is amorphous throughout its entire
thickness.

The present invention also relates to a completely amor-
phous oxide coating and a substrate which is coated with it,
and which, according a preferred embodiment, is produced
by using the process described above.

Preferably, the thickness of the coating according to the
present invention is 20 pm-5 mm, most suitably 50 pm-2 mm.

The oxide coating can be generated from a metal oxide or
from mixtures of oxides, i.e. composites which, preferably,
comprise two or more metal oxides, or, more preferably,
comprise two or more metal oxides the concentrations of
which are chosen so that they correspond closely to the eutec-
tic or eutectoid compositions of the oxide system, or comprise
two or more metal oxides which are chosen so that the cooling
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rate of the composite is sufficient to generate an amorphous
structure, and which composites most suitably are aluminium
oxide-rich composites, such as Al,O,—7rO,—Y,0;.

With these composites, it is possible to modify the proper-
ties of the generated coating in the desired manner, especially
by increasing the strength and the elasticity of the coating.

These oxide composites are chosen particularly from such
composites which, when the above-mentioned thermal spray-
ing processes are used, solidify during the coating process to
become completely amorphous, i.e. 95-100% amorphous, but
which coating, however, preferably is 100% amorphous.

It is not necessary for the composite composition to corre-
spond completely to the eutectic or eutectoid composition,
because the present invention has been demonstrated to work
also for compositions which are close to the eutectic and
eutectoid points, and for other corresponding compositions
with which the rate of cooling is adequate for generating an
amorphous structure.

For the above-mentioned example, i.e. the aluminium
oxide-rich composite, Al,O,—ZrO,—Y,0;, it is sufficient
that the percentage of the aluminium oxide present is at least
40 vol-%. Most suitably, the composition is Al,0;-15-40
vol-% (Zr0,-8 mole-% Y,0;).

In the vicinity of the eutectic and the eutectoid points,
thermodynamics provides favorable conditions for the melted
oxide composition to solidify into an amorphous state.

Oxides which are preferred to be used in the present inven-
tion are transition metal oxides, alkali metal oxides and alkali
earth metal oxides, which can be used alone or in the form of
their above-mentioned composites. Particularly preferred are
transition metal oxides and their composites, especially their
composites.

Aluminium oxide alone, as the only oxide, is not well
suited to be a coating in the present invention. In particular,
traditional glass-generating oxides, i.e. oxides which belong
to the group B,Oj;, Si0,, GeO,, P,0s, As,0;, Sb,0;, In, O,
T1,0;, SnO,, PbO, and SeO,, are not used in the present
invention because of their low suitability for generating com-
pletely amorphous coatings.

The above-mentioned oxides, which are suitable for the
invention, can be used in the form of completely amorphous
coatings, particularly at temperatures which are up to 1000°
C. According to the present invention, an aluminium-rich
composition, such as Al,O,—Zr0,—Y,0;, is suitable for
use in the form of completely amorphous coatings at a tem-
perature which is up to 950° C., because the crystallizing
temperature of the example composition in question is mea-
sured to be approximately 950° C. (DSC run in air atmo-
sphere, heating rate 10° C./s).

A coating according to the present invention can be used
for treating all kinds of surfaces, especially for treating such
surfaces which are exposed to corrosion and abrasion.
Examples of these are metal and concrete surfaces of build-
ings, bridges, columns and vehicles. The surface is also par-
ticularly suitable for treating such surfaces which are exposed
to high temperatures or which are supposed to require a good
electrical insulation capacity.

According to a preferred embodiment of the present inven-
tion, a completely amorphous coating, according to the inven-
tion, is added to provide an electrically insulating coating on
a range of surfaces. In these coatings, it is possible to use all
the above-mentioned oxides, i.e. transition metal oxides,
alkali metal oxides and alkali earth metal oxides and compos-
ites of these, especially aluminium oxide-rich composites.
According to the known technology, for instance aluminium
oxide is generally used in these.
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The dielectric breakthrough voltage of thermally sprayed
aluminium oxide coatings (which mostly have a crystalline
structure) is typically 10-15 kV/mm. With completely amor-
phous aluminium oxide-rich composite oxide compositions,
for instance with Al,0,—7rO,—Y,0;, it is possible to
achieve values of even up to 30 kV/mm. The dielectric break-
through voltage of a composition which has a corresponding
composition but which is partly crystalline is substantially
lower (appr. 10 kV/mm).

According to another preferred embodiment of the inven-
tion, a completely amorphous coating, according to the
present invention, is added to provide a thermal insulation
coating on a range of surfaces. It has been discovered that the
thermal insulation capacity is also improved when these coat-
ings, according to the present invention, are used, compared
with a situation where the coating is carried out using a
crystalline or partly crystalline composition.

In these coatings, it is possible to use any of the above-
mentioned oxides, i.e. transition metal oxides, alkali metal
oxides and alkali earth metal oxides and composites of these,
especially aluminium oxide-rich composites. For instance
Al,O,—7r0,—Y,0, generates a very good thermal insula-
tor at temperatures which are up to 950° C.

According to a third preferred embodiment of the inven-
tion, a completely amorphous coating, according to the inven-
tion, is added to provide a corrosion-protection coating on a
range of surfaces. Examples of these surfaces are metal and
concrete surfaces of buildings, bridges, columns and
vehicles. All the above-mentioned oxides, i.e. transition metal
oxides, alkali metal oxides and alkali earth metal oxides and
composites of these, especially aluminium oxide-rich com-
posites, can be used in these coatings.

The structures of known aluminium oxide-based thermally
sprayed (at least partly crystalline) coatings comprise mainly
the gamma phase of aluminium oxide, which reacts readily
with water, thus forming aluminium hydroxide. Conse-
quently, aluminium oxide-based coatings are not typically
used in applications where water gets in contact with the
coating. However, a completely amorphous oxide coating
(even in an aluminium oxide-rich form) possesses excep-
tional anti-corrosion properties, compared with a crystalline
or partly crystalline coating.

According to a fourth preferred embodiment of the inven-
tion, a completely amorphous coating of the invention is
added to provide a wear-resistant coating on a range of sur-
faces. Examples of these surfaces are metal and concrete
surfaces of buildings, bridges, columns and vehicles. All the
above-mentioned oxides, i.e. transition metal oxides, alkali
metal oxides and alkali earth metal oxides and composites of
these, especially aluminium oxide-rich composites, can be
used in these coatings. Such a completely amorphous oxide
coating possesses exceptional mechanical properties com-
pared with a crystalline or a partly crystalline coating. It was
discovered that, among others, the abrasion resistance of a
known aluminium oxide coating (ASTM G65 D test) could be
improved with a completely amorphous structure, especially
with Al,0;—Z7r0O,—Y,0;, which was achieved by alloying.

According to a particularly preferred embodiment of the
invention, a completely amorphous coating of the invention is
added to a range of surfaces, to provide coatings which gen-
erate two or more of the following: electrical insulation, ther-
mal insulation, corrosion protection and wear resistance. All
the above-mentioned oxides, i.e. transition metal oxides,
alkali metal oxides and alkali earth metal oxides and compos-
ites of these, especially aluminium oxide-rich composites,
such as Al,O;—7rO,—Y,0j;, can be used in these coatings.
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The invention claimed is:

1. A process of producing an oxide composite coating
which is completely amorphous, said oxide composite coat-
ing comprising an oxide composite containing an aluminium
oxide and at least one further metal oxide, whereby the metal
oxide is a transition metal oxide, alkali metal oxide, alkali
earth metal oxide, or a combination thereof, wherein the
oxide composite coating is completely amorphous, wherein
an HVOF (high-velocity oxy-fuel) process is used to spray
the oxide composite to form the oxide composite coating,
wherein a dielectric breakthrough voltage of a spray coating
can achieve values from greater than 15 kV/mm to up to 30
kV/mm, wherein an oxide composite composition is manu-
factured, said process comprising the steps of;

coating, a substrate, whereby the coating is carried out by

manufacturing the oxide composite composition,
wherein said wherein said oxide composite composition
is heated and sprayed onto the substrate by a thermal
spraying process into a completely amorphous coating,
wherein the oxide composite composition is manufactured
from an aluminium oxide and at least one further metal
oxide, whereby the metal is a transition metal, alkali
metal or alkali earth metal, and in that a HVOF (high-
velocity oxy-fuel) process is used in the spraying.

2. The process according to claim 1, wherein the compo-
sition is heated before spraying in such a way that it melts at
least partly.

3. The process according to claim 1, wherein during the
spraying, the cooling rate 10>-10® K/s is such that the driving
force, which makes the melt solidify into an amorphous state,
is more powerful than the forces which generate crystalline
phase(s), whereby the melt solidifies into a completely amor-
phous state.

4. The process according to claim 1, wherein the oxide or
oxide composite composition is manufactured from Al,O,-
7r0,-Y,0;.

5. The process according to claim 1, wherein the compo-
sition is sprayed onto a substrate as a layer having a thickness
of 20 um-5 mm.

6. An oxide composite coating which is completely amor-
phous, said oxide composite coating comprising an oxide
composite containing an aluminium oxide and at least one
further metal oxide, whereby the metal oxide is a transition
metal oxide, alkali metal oxide, alkali earth metal oxide, or a
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combination thereof, wherein the oxide composite coating is
completely amorphous, and wherein a HVOF (high-velocity
oxy-fuel) process is used to spray the oxide composite to form
the oxide composite coating, wherein a dielectric break-
through voltage of a spray coating can achieve values from
greater than 15 kV/mm to up to 30 kV/mm.
7. The coating according to claim 6, wherein concentra-
tions of the oxides are selected to correspond to an eutectic or
eutectoid compositions of the oxide system.
8. The coating according to claim 6, wherein the coating is
an aluminium-oxide-rich composite having components with
concentrations which are an eutectic or eutectoid composi-
tions of the oxide system, and which most suitably comprises
at least 40% by volume of aluminium oxide.
9. The coating according to claim 6, wherein the coating is
Al,05-7r0,-Y ,0,.
10. The coating according to claim 6, wherein it is main-
tained at a temperature which is up to 1000 ° C.
11. A substrate coated with an oxide composite comprising
an oxide composite manufactured from an aluminium oxide
and at least one further metal oxide, whereby the metal oxide
is a transition metal oxide, alkali metal oxide, alkali earth
metal oxide, or a combination thereof, wherein a coating is
completely amorphous and made by spraying the oxide com-
posite on to a substrate by a HVOF (high-velocity oxy-fuel)
process, and wherein a dielectric breakthrough voltage of a
spray coating can achieve values from greater than 15 kV/mm
to up to 30 kV/mm.
12. The coated substrate according to claim 11, wherein the
coating is formed from an aluminium oxide-rich composite.
13. The coated substrate according to claim 11, wherein a
thickness of the coating is 20 pm-5 mm.
14. An oxide composite coating comprising:
an aluminium oxide and at least one further metal oxide,
wherein the metal oxide is selected from the group con-
sisting of a transition metal oxide, alkali metal oxide, or
alkali earth metal oxide, or a combination thereof,

wherein the aluminium oxide and the at least one further
metal oxide form a completely amorphous coating when
applied to a substrate, wherein a dielectric breakthrough
voltage of a spray coating can achieve values from
greater than 15 kV/mm to up to 30 kV/mm.
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